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An algorithm is developed for calculating the parameters of a shock-free compressible gas of symmetric tetrahedral gas prisms
according to a given law of motion of a section of a piston using characteristic series. It is shown that by taking account of symmetry
one can determine uniquely the parameters of the gas flow and the piston shape in a compressible prism. Three subdomains are
distinguished in the domain of the perturbed gas flow, in each of which a velocity potential is constructed in the form of a
characteristic series. In one subdomain, the solution is defined by the specified law of motion of the piston and, in the other two
subdomains the solutions are defined by the conditions that no gas flows across the plane of symmetry and the continuity of its
parameters at the boundaries along which the subdomains are joined, which are characteristics. An example of the calculation
of a solution is given which, in a part of the domain, is identical to a known, self-similar exact solution when the adiabatic exponent
and the magnitude of the dihedral angle of the prism are matched. An exact expression is obtained for the velocity potential
and the shape of the wall of the gas prism being compressed. © 2002 Elsevier Science Ltd. All rights reserved.

The process of unbounded, shock-free compression of gas prisms, tetrahedra, and cone shaped bodies
of special forms has been constructed in [1-5]. Exact solutions have been obtained for certain shapes.
It has been shown that much less energy is required to achieve high gas densities during the compression
of such structures than in the case of one-dimensional spherical compressions which are used to initiate
laser thermonuclear synthesis.

It has been found [4, 5] when investigating the possibility of realising these processes during
compression using different physical fields that closed structures,i in which there are no fixed im-
permeable walls, such as symmetric prisms with two planes of symmetry, are preferable. Below, we
consider the problem of the shock-free compression of such prisms when the law of motion of a certain
part of the piston is known and the solution of the problem satisfies the general non-linear equation
for the velocity potential. An algorithm, developed but not published by A. E Sidorov, for the case when
the velocity potential of the gas satisfies a wave equation was taken as the basis for constructing a solution.
Moreover, he showed that the use of this equation does not enable one in principle to describe
unbounded cumulation of the density and energy of the gas.

1. FORMULATION OF THE PROBLEM AND METHOD OF SOLUTION

Suppose that, at the initial instant of time t = 0, a perturbed ideal gas with an equation of state
p = a’p" (p is the pressure, p is the density and y is the adiabatic exponent) occupies a certain volume
A,CDB, of a tetrahedral, infinite prism which is symmetrical about the planesx = 0,y = 0. One quadrant
of the cross-section of this prism is shown in Fig. 1: o is the angle of inclination of one edge of the
prism to the plane of symmetry y = 0. The gas prism is compressed symmetrically and in shock-free
manner in accordance with a specified law of motion of the piston CD in the segment AB. In the case
of an arbitrarily specified law, compression can be achieved up to a certain instant of time ¢ = ;. The
time for a sound wave A,B; to travel the distance |OH| = 1 corresponds to ¢t = 1. In the gas at rest,
the speed of sound ¢ = 1.

In the case of shock-free compression, the perturbed gas flow is potential and satisfies the non-linear
equation for the velocity potential ®(x, y, ) [6]

+Prikl. Mat. Mekh. Vol. 66, No. 4, pp. 583-595, 2002.

1GAO, Ya. M., Computational realization of shock-free compression and thermonuclear combustion of two-dimensional
(cylindrical and axially symmetric) configurations of a DT-gas. Preprint No, 21. M. V. Keldysh Institute of Applied Mathematics,
Russian Academy of Sciences, Moscow, 2000.

569



570 O. B. Khairullina

@, -(? -0, —(? - DD, +20,D, +20 D, +20,0,D,, =0 (1.1)

? =1-(y = D[®, - /(D3 + )]

Three subdomains are distinguished in the domain of the perturbed flow. The section of the piston
with the specified law of motion and the characteristic 4,B; are the boundaries of the subdomain 0.
We obtain the equation

o(x,y,t)=t—xsina+ycosoa—1=0 (1.2)

of this characteristic from (1.1) and the condition of the adjacency of 4,B,0 to the quiescence zone,
where the components of the velocity vectoru; = @, = 0,u; = ®, = 0. Subdomains 1 and 2 are adjacent
to the planes of symmetry and subdomain 0, respectively with respect to the characteristics p = m
(x,y,8) = 0,v =n (xr,y, t) = 0 which pass through the points 4 and B. In the general case, these
characteristics are unknown and can be determined from the system of equations for the characteristic
band of Eq. (1.1) after the solution in subdomain 0 has been constructed.

The solution is constructed in the form of characteristic series: in subdomain 0 with respect to the
variable ¢, in subdomain 1 with respect to the variables p and ¢, and in subdomain 2 with respect to
the variables v and ¢.

In order to construct the solution in subdomain 1 we introduce the variables
L=t p=mxyt), O(x,yt)=t-xsina+ycoso—1, ¥Y(u,,4)=d(x,y,1)
after which Eq. (1.1) takes the form
W, + ¥, (m? - 0+ (Y - DO, +(y +)m,Q¥, +[2m,P+(y - DQI¥, +
+ U (Y + DO + (Y + DPQY, ¥, +[P? + )5 (Y- Q¥ } +
+ Woo (Y = DY, +{(y - Dm, + 2P1¥, + (Y + ¥, +[P* + (Y- DQIV] +
+ (Y+DPEY, + (Y + DY+
+ W, 2m, + 20%, +2PY,)+2%, (1+ PY, +Y¥,)+
+ Wyol2(m, — P)+2(Yy - DPY, + 2(Q +ym P)¥, +2(m, + YP)¥, +

+ (Y+DPOYE +2(Q+YPP)E, Y, +(y+DP¥]+
+ W, (m, — W)+(y - DWEP, + W, W, (2P, + (Y- )]+

+ W2W, +(y - Dm, W)= W, ¥/ [P, sina— P, cosa— Y5 (y - D)W+
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+ W, [(y - DWP+2m P, +2m P+

+ W mm? +2mm m, +m, m} + %5 (y - H)WQ] =0 (1.3)

XXmX
where

= ; =m? 2 =
P=—-m,sino+m,cosa, Q=me+m,, W=m_ +m,

In subdomain 2, Eq. (1.1) is written in a similar way in the variables ¢}, ¢, v. The resulting equation
and Eq. (1.3) are used to find a solution in the subdomain 0: the solution is sought both in the variables
t,, 0, u and in the variables t,, ¢, v, depending on which solution in which subdomain it will be matched
with. The condition for matching the solutions in the subdomain 0 which have been found is then written
out.

We will represent the velocity potential in subdomain 0 in the form of a series

o0

Y(uo.0n)= 3 a (W1 0 (1.4)

Since the perturbed gas flow along the characteristic ¢ = 0 adjoins a quiescence zone where

®=C=const, &, =¥ m -Y¥sina=0, & =¥ m +¥ cosa=0

then
Vo1, 0,4) = W, (1,0,6)=0 when m, COsSO +m, Sino # 0

Taking account of expansion (1.4), we obtain the first coefficients of the series

day (. 1)

a“ =a(p1)=0 (1-5)

ag(p, 1) = C =const,

We substitute expression (1.4) into (1.3) for subdomain 1, multiply the series, and equate the
coefficients of like powers of ¢ to zero. As a result, we obtain first-order partial differential equations
for the coefficients a, ¢ (k = 1)

da da,,
#l”+(m,—P)—a—:l—'—+(k+l)(7+l)a2a,(+l =F, (1.6)

The right-hand sides F; of the equations depend on a, where i < k.
When k = 0. Eq. (1.6) is automatically satisfied by virtue of relations (1.5). When k& = 1, we obtain,
taking (1.5) into account

aaz aa

EI—+R35+(y+I)a22=O; R=m, +m,sino—m, coso (1.7)
On making the change of variables
Mo =K, fo=H-Rp (1.8)
we obtain the solution of Eq. (1.7)
R R

a, (K, tg) = (1.9)

Y+ Do - f)] (Y + DTt 110)

which depends on the arbitrary function f5(fy). It must be determined from the boundary condition,
that is, from the impermeability condition on the section of the piston AB (Fig. 1) with a specified law
of motion.

In the case of the coefficient a,,; (k = 2), after substituting the variables (1.8) into (1.6), we obtain
the differential equation

R0 0) | 1)y 4 1),y gt gy (g, 1) = b o)

T 20k +1) (1.10)
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Its solution

e Y+ 1 R*F,
a"+'=a2+l( R ) 2(k+1)(y+1)"*’Iag*‘kd“"_f"*'(%) (1.11)

depends on the arbitrary function f; . (¢), which is also determined from the boundary condition. The
recurrence formula (1.11) enables us to calculate the coefficients of series (1.4) successively. For instance,
where k = 2, from Eq. (1.10) in the variables ¢, p, and taking account of relations (1.5) and (1.9), we
shall have

1 ” , ’
ay = ULEBT +2(£ - 1)° B)dug +(f5 - 1)f Bydig) + £3(t) (1.12)

Te(y+1)

B =(m cosa+m,sina)’, B, =-6PR—(m,~m, ~m,)T

where a3 depends on the parameters of the characteristic w = m (¢, x, y) and is found numerically in
the general case.

The equations and their solutions when k& = 3 are written out in a similar manner.

The solution in subdomain 1 is constructed in the form of a double series

YOLO.0) = 3 T Hy()utel (1.13)

k=0 j=0

From the condition for matching the solutions in subdomains 1 and O along the characteristic
u = 0 when ay(0, £;) = a,(0, £y) | 4=¢, We obtain the relation

Ho, (1) = a;(0.1) (1.14)
At the same time, it follows from relations (1.14) and (1.15) that
Hgo(t)) =ay(0,4) = C =const, Hy (1) =a,(0,1,)=0 (1.15)
Wheny = 0, the condition of impermeability across the plane of symmetry
@,(x,0,0) =¥, (1°,0°%,1,)m, (0, x.0) + ¥, (n°, 0%, 1, )cos o = 0 (1.16)

must be satisfied, where

¢ =r-xsina-1, p®=pu(x01)

We now eliminate x and expand u" in series in ¢’

0 oo
u°=u(0.'—'.9;].tJ= PIEAGICY (1.17)

sSin o 1=0
Since p = 0 and ¢ = 0 intersect on the axisy = 0, then ¢, = 0.

We substitute expansions (1.13) and (1.17) into condition (1.16), equate the coefficients of (¢°)* to
zero, and obtain the condition in the plane of summetryy = 0

k oo k o0
my I)’=0 Z (k—j+l)H/(—j+|‘jZ C,‘_j‘,=—C05(ZZ (j+])Hk-j,j+|Z Ck—j,f (118)
j=0 1=0 j=0 =0

where
j j =
Gy ={2 Ceoricjy k=3), Gy =,Zo ccis Gj=cj, IZO Cos =1
=0 = =

It follows from condition (1.18), when k& = 0 and M, = m,|,_, # 0, that
H],U = 0 (119)
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In order to find the subsequent coefficients of the serles expansion (1.13) is substituted into Eq. (1.3),
the series are multiplied, and the coefficients of W k¢/ are equated to zero. As a result, we obtain an
equation which relates the H; ; (i, j < k + 2) (this equation is not given here because of it length).

It turned out that the groups of coefficients Hy ; for n = k + j are uniquely determined from systems
of linear algebraic equations consisting of the matching conditions (1.14) whenj = n + 2, the symmetry
conditions (1.18) when k = n + 1 and m + 1 equations for 0 < k < n of the form

(k+2)(m} = QHy oy +2(n=k+1)(m, = PYH ) i1 = Sy (1.20)

where §,; is an expression which depends on H;; (i, = 0,i + [ <n + 1).
Thus, for n = 0, the system of equations, when account is taken of the coefficients (1.15) and (1.19)
obtained, consists of relation (1.14) for j = 2, the symmetry condition (1.18) when k = 1

my |0 [2Hy 0+ H 1= ~coso{Hy; +2Hy 5]
and Eq. (1.20) fork =0
(m} - Q)Hy o =—(m, - P)H,,
When m, - Q # 0, from the system of equations we find that
H,, =-2Y, Hyo=2Y(m, - PXm} - Q)

where
_ Hy, cosa
M. [=2(m, - P)/(m] - Q)+ 1]+ cosa

In the self-similar case when m? - Q = 0 and m, - P # 0

H].l = 0, Hz'o = —Ho'z COS(!/ My (121)

In order to determine the subsequent group of coefficients, Egs (1.20) forn = k + j = 1, symmetry
condition (1.18) for & = 2 and matching condition (1.14) forj = 3 are written out and account is taken
of H; ; (i,j = 0, 1, 2) which are already known. As a result, we obtain a system of four algebraic equations
in the four unknown coefficients Hy 3, H, 5, H,; and Hs

2Am, - PYH, 5 +(m} - Q)H,, = Ry,
2(m, = PYH,, +3(m? = Q)Hs 4 = F o (1.22)
(M_)’ +2COS(1)HL2 +(2My +COS(X)H2‘| +3MyH3'0 = ,:C

where
aH(,2 oH, |
m e —
o, Lo
~ 202m,P+(y - DQIHy yHy o — (Y + Vm,QH,  Hy g —(Q+ Ym, PYHE, -
- %(mu — My~ myy)Hl.l

=- -2m
1.0 atl ! atl

— 2((y = )m, +2P\Hy 3 Hy g ~ (m, + YPYH], —

Foy =~ -2(y+1)Hg, ~(y+1)m, +2P)Hy ,H, | -

L _(y+ DHy, Hy -

— (Y+1)(2m, P+ QIH, \Hy o = 20y + )m,QH3 o — (m,, — m — m ) H, o

F. =-3cosaH;;
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Solving this system of equations, we find H; ; fori + j = 3.

Next, the systems of equations for the coefficients H, ; (k + j =i + 1) are successively written out
forn =k +j,n=1,2,.... These coefficients depend on a; ({ < i + 1) which are determined by the
specified boundary condition, that is, by the law of motion of the piston in subdomain 0.

In order to construct a solution in subdomain 2, we introduce the variables

n=t v=n(x,yt), ¢(x,y,t)=t-xsina+ycosa -1, A(V,,1,)=D(x,y,1)

Equation (1.1) in this subdomain will have the form (1.3) but here it is necessary to replace u by v, m
by n, and ¥ by A.

In a similar manner to the construction of the solution in subdomain 1, the velocity potential is sought
in the form of the double series

AVGL)= T 3 G t)viel (1.23)
k=0 j=0

At the same time, the solution in subdomain 0 is reconstructed in the form of the series

AVO) = T b (v,1)0* (1.24)
k=0
with coefficients b (v, ;) which depend on the characteristic variable v and satisfy equations and relations
(1.5)—(1.11) with a, u and m replaced in them by b, v and n. The equality
ar (1) = b (v, 1) (1.25)

follows from relations (1.4) and (1.24) for the resulting solutions to be compatible in subdomain 0.
The symmetry condition

D,0,y.0=A,n, - Aysina=0

must be satisfied in subdomain 2. After eliminating y, expansion in series

coso

0
~t+1 had
Vo= V(Q““—»OJJ= 3 d(t)(6°)
1=0
and substitution of series (1.23), this symmetry condition will have the form
k oo k oo
Melzo 2 k=j+DGy_ju1; 2 Dejy=sinay, G+1G,_; ;1 Y Dyp_jy
j=0 1=0 j=0 =0
where

oo J =
D, =1zo di Dy 1y (k=3), Dy =I_20 dd; ;. Dy;=d;, EB Dy, =1

The equations and relations for G, will be analogous to the equations and relations for Hy, but taking
the second symmetry condition into account.

2. EXAMPLE OF A CALCULATION

As an example and test, we will consider the shock-free compression of a prism according to a specified
law of motion of the piston CD in the segment 4B (Fig. 1), when the gas flow is self-similar in subdomains

0and 1.
The problem of the adiabatic compression at constant entropy of a gas prism with a section OSK
and an angle o, which is matched with the adiabatic exponent y and satisfies the relations

sinot=.3-y/2, cosoe=+y+1/2

has been considered earlier in [1-3].
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The exact expression for the potential in subdomain 0 in the characteristic variables has the form [2]

2
=L+-l—9—. t=1_1<0 (2.1)
Yy-1 y+l t L,

t. is the time taken by the piston to traverse the distance KO. Following the well-known procedure [1],
the exact solution in subdomain 1

2 2
o= _ K 2.2)
Y-1 (y+D)t

is also written out. The equation of the curvilinear part CA of the piston CF

_ 3
{H_é-_YTM_ﬁ YHT]" oD e o3

y-1 y-1 | (y-D%B-y

has been obtained in [3], after which it is easy also to write out the equation of its plane part AF

- NJY+1
\/ﬁx— 1+ y+ Y+l (-m?/r+h -2 1=0 (24)
2 2 y-1 v-1

By a certain instant of time t,,, the piston traverses a path, equal to KF, along the wall KO and occupies
the position CAF. For the test, this position of the piston is taken as the initial position. In the case of
the complete problem. CAFBD will correspond to the initial position of the piston.

When using the self-similar solution as a test, when the piston, at t = 0, occupies the position SK
and |KO| = 1, the transition to dimensionless quantities must be carried out such that the position of
the piston CAF corresponds to the time ¢, = 0 and the linear dimensions of the prism correspond to
|OH| = 1. In this case, the relation between the old variablesx, y, T and the new dimensionless variables
X Yas T, Will be as follows:

x=(=ly/L)x,, y=(~ly/Ly)y, T=(-1,/t)1,

where Ly is the length OK and /; is the length KN. After the introduction of the new variables, Eqs
(2.1)-(2.4) retain their previous form but they will allow for the shift in time.

We shall assume that the law of motion of the piston (2.4) is specified in the segment AB. In the
characteristic variables (1.2), the impermeability condition

U=Z+Zu+Zu,=0 2.5)
on the piston (2.4)

Z=0(y. 9T, M@ =L () (2.6)

takes the form

Ut n.0) = ¥, -YT“'% +1-T(1)=0

Substituting ¥ in the form of series (1.4), we obtain

U T = 3 [(k 1)y 1 (1) - lﬂMJH*(t) .
k=0 2 ol

- mmn+1=0 2.7

at the same time keeping in mind relations (1.5).
When t = 0, equality (2.7) is automatically satisfied.
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To find a, we put ¢ = 0 in the equality obtained by differentiating relation (2.7) with respect to ¢

5 aak+,(u,t)_y—132ak(u,t) k
Eo{(k“) o 2 aen | PF

+3 |k +2ap, 000 - Y102, (WD | 4 ik eny(n) -
k=0 2 o

- "(1)=0 (2.8)

and, taking into account ay and a, obtained, we have

1, 1
az(u,0)=5ﬂ (——1)=—Y—:]—=Cz = const (2.9)

It follows from relations (1.9) that

'o=u—mf

1
az(%’o)—m, >

and, from equality (2.9), we have

1
= —-——— =const

1
az(u.t)l,=o—az(u,to)l,zo-az(u,u)—m—Cz "

Hw)=p+ (2.10)

Differentiating equality (2.8) with respect to ¢ and putting ¢ = 0, we obtain a3 (1, 0) = 0 and, from
relation (1.12) when account is taken of the first expression of (2.10), we have

ay(Ho.to) = = fi(to) /lkg — f1)F’
Similar procedures as when finding f, a,, give
AW =0, a3(n,0)=0 (2.11)

In calculating the subsequent coefficients a; of the series, each time the next derivative of the
impermeability condition is differentiated with respect to ¢, ¢ is put equal to 0 and the coefficients
a, (k < 1) which have already been found are taken into account. As a result, we find

a(p, =0, (>3 (2.12)
Substituting the a, obtained into series (1.4), we obtain the solution in subdomain 0

1
W, 0,0) = ap + a0 +...= ag + ————— 07

(W, 9.0)=ay +a0 o (Y+l)(t—l)¢
which is identical to the exact solution when ay = C = 1/(y-1).

A knowledge of the equations of the characteristics u(x, y, t) = 0, v(x, y, t) = 0, along which the
required solution will adjoin the solution which has been found in subdomain 0, is required in order
to construct the solutions in subdomains 1 and 2.

We write out the system of equations for the characteristic band [7}, putting g(x, y, T) = x — X (y,
1) = 0, where g is any of the characteristic variables p, v, ¢. We now eliminate ¢2 and obtain the
equation

dX 3= v
Sen [ : L x,- 72“}[‘/3_‘—“‘/‘73%“7'” 1+x§]

_dT—(yH)'c 2
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We shall assume that the expression in the first set of square brackets vanishes. It has been found
that this case corresponds to the characteristic ¢(x, y, T) = 0 (1.2). From the fact that the expression in
the second set of square brackets with the lower (minus) sign is equal to zero, we obtain the same
characteristic.

We obtain the characteristic

wx,y,t)=1t-

J3- My +1
LA L y=0 (2.13)
2 2
from the condition that the second expression with the upper (plus) sign vanishes, from the solution
of the other equations of the band and from the condition for it to intersect the characteristic ¢ = 0

on the y = 0 axis. If the condition for it to intersect the characteristic ¢ = 0 on the x = 0 axis is considered,
we obtain the characteristic

v(x,y,T)=~-T-

V32‘7x-‘”2” y=0 (2.14)

We will assume that both expressions do not vanish, and, then, the system of equations for the
characteristic band reduces, after some reduction, to the relation

JY+1-3-yX, 2(y-1)

F(X,)= -

~BY -, + (- D1+ X2 Y-y

(ry ATy+2 <y-n/2_0
LH(X,) 3-v

where
L) = (1414 X2 )- (-1 22X,

and the two equations

dy 1 y-1 X X,
—= -+ (p_

dv | Jy+1ov+l fiax? |0 14 x2
dx 3-y ( y-1 J 1
= o+|1-1—¢

d 1 1 2

g Y+ T+ 1+ X2

where

1 3-
p=1+31T0y - ¥ X(y,7)

21 T

The functions F(X,) and X, are expanded in Taylor series along the characteristics in the
neighbourhood of the point B;, where g = ¢,. It was found that, at the point B,

F=0, Fy #0 (X,),=0

by virtue of which the function X(y, t) is exactly defined

Y+1 2 \/YTl
X 1) =— [—, X s = -
(D) 3y ™ J3-y[” > y]

and corresponds to the characteristic v = 0 (2.13).
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In subdomain 1, the velocity potential is sought in the form of the double series (1.13). From relations
(1.15), (1.5) and (1.19), it follows that

Ho_o = ao(o,t) =C= const, HO,] = H],O =

From relation (1.14) whenj = 2, the second expression of (2.1) and relations (1.21) and (2.11), we obtain

1
=H L = = =
Hyo(t) = Hy (1) T Hy, =0, Hyy()=a(0,0)=0

When m? — Q = 0, the system of equations (1.22) for the coefficients H 1.2, H1 and H5 g will have the
form

(1-P)H,, =

-(Yy-1+2P)H3,

(1-

~1+2P)H§, - (Y+DH],

(M, +2cosa)H, 5 +(2M, +cos0)H, ; +3M Hy o = -3cosaHy 5

whence, when account is taken of the equality H,,; = H,, we obtain H;, = H,; = 0. From the third
equation when M, = —cos o = —\y + 1/2, it follows that

From relations (1.14) and (2.12), we have
H0‘4(t) = a4(0,t) = O

We now write out the system of equations for the coefficients H;;, i + [ = 4 when k,j = 0,2; 1,1; 2,0
and obtain

1
6RH, 3 +4(y+1)H3, + 8[P2 - 1)]H23‘0 +

H o*H
a0.2+ 0.2

OH, ,
= +2(y-DH =0
+2(Y+3)H0‘2 atl (Y ) 2,0 at] atl
dH, , JH
RH, , +2(y + DPH3 , + PHy g —= > 2+ PHy, a” =0
l ]
1
6RH;, + 8[1)2 +—2—(y - 1)]113_2 +4(y+DH3 o+
oH,, oH,o 9°H,,
- O 42 +3)H, g — + 2 =0
+ 20y =DHo, or, *2Ay+HHy, o or}

It follows from this that H,; = H,, = Hs, = 0 and, from the symmetry condition, it follows that
H410 = ().

On continuing the calculation of the subsequent groups of coefficients, we obtain that all the
coefficients vanish. As a result, in subdomain 1 the velocity potential, constructed using the specified
law of motion of the plane part of the piston, is identical to the exact solution (2.2).

In subdomain 1, we now find the law of motion F (x, y, t) = 0 of the curvilinear part CA of the piston
CD. The impermeability condition on it leads to the first order, linear, homogeneous, partial differential
equation (2.5) for the unknown function F of three independent variables. The characteristics covering
the surface F = 0 satisfy the equations

dx = wudt, dy = u,dt
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or
dx =[(3-Y)x = 2/3-Y1lHy,(V)dt, dy=(y+ DyHg ,(T)dt

On combining these equations, we obtain the total differentials, the integrals of which have the form

~1 3-
¢ ==, ¢y = T X+ B x=Y E= Y

T T+l y-1

where ¢; and ¢, are arbitrary constants. We relate ¢, and ¢, by the functional relation c; = w (¢{) and
find ® from the condition that the curve passes through the point A, that is, the point of intersection
of the part AB of the piston, where the law of motion is known, with the characteristic u = 0,

xy=—ET+ =Dy =olt+-1)' 7]

v+1 o JY+1

RRNTRTN y-1

The relation between ¢; and ¢, will have the form

CZ(I—C]/O')=T]

Substituting ¢; and ¢; from the integrals, we obtain the equation of the piston in subdomain 1, which
is identical with (2.3).

Carrying out the calculations in subdomain 2 analogous to the calculations in subdomain 1, but taking
into account the corresponding symmetry condition

k R k ,
—Y D= 40 = X EDIG DG
j=0 ;=0

and, also, the compatibility conditions (1.25) and matching the solution with the solution in subdomain
0, we obtain the velocity potential in this subdomain

_ 1 2,2
‘P(t.@,v)—C+————(Y+l)(t_l)(¢ +v7)

On taking the impermeability condition into account, we find the equation of the piston

2x+1-2V+2In(2V) = x[1/y+1 %—2ln(—t)]

/bl(/ y
/ 1.0
T
<] 0.5
-1.5 -1.0 0.5 x 0
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-1
V= {1 + ’1 +i(—t)2""x]
n

The shape of the piston, calculated according to the specified law of its motion in the segment a;b;,
taken from the exact solution for the instants of time ¢; = 0.1, 0.7, 0.9, is shown in Fig. 2.

Thus, in the case of the shock-free symmetric compression of prisms, it is only necessary to specify
the law of motion of the position on a certain part of it. In the segments belonging to the planes of
symmetry, their law of motion is uniquely defined by the law of motion of the central part of the piston
and the impermeability condition in the planes of symmetry. A new exact expression is obtained for
the velocity potential and the shape of the wall of the gas prism with two planes of symmetry which is
being compressed for the case when the gas is ideal and the angle o is connected with the adiabatic
exponent y by a specific relation.

The algorithm proposed can be used to calculate the initial data when computing the parameters of
a gas being compressed in a symmetric prism using any numerical method.

where
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